Abstract. In this paper, variations of loss factor and storage modulus of Alkali-Activated Composite cementing materials (AAC) made from slag and fly ash and Ordinary Portland Cement (OPC) were studied at the temperature rising period from 40℃ to 200℃ by using Dynamic Mechanical Analyzer (DMA). The study showed that, compared to OPC, the dynamic properties of AAC were affected significantly by temperature and its loss factor increased gradually with the temperature, also, the variation of loss factor was larger than that of OPC. The storage modulus of both ACC and OPC was affected significantly by the temperatures and showed a similar change trend. With the temperature rising, the storage modulus reduced first and then tended to be stable. During the temperature rising, the flexural strength of AAC had a great loss.
Introduction
Data shows that 0.8t CO 2 is discharged for each ton of cement produced [1] . About 1.8Gt CO 2 is discharged only from the cement industry in the world wide each year, accounting for 5-7% [2] of total CO 2 emissions by human production process. Studies showed that the cement industry is the third energy-consuming industry, just ranking after the aluminum making and iron making industries [3] . For each ton of cement produced, 1.5 tons of raw materials have to be consumed [4] .
The alkali-activated concrete is produced by using alkali-activated cement to replace the conventional cementing materials [5] [6] [7] [8] [9] . In this way, CO 2 discharge is largely reduced during the cement manufacture, also energy consumption is reduced and the industrial residues are reused properly, and the idea of going green and protecting the environment is embodied. Therefore, research and application of AAC are of great importance.
Neithalath has studied that the function of fiber of various types to the damping property of cement-based materials. However, small amount of fiber effected less on the loss factor of different cement-based materials [10] . Liu et al. have studied the improvement of nano-SiO 2 added to the concrete materials on the damping ability and it has got the maximum loss factor when the content of SiO 2 is 4% [11] . Ke et al. have investigated the damping ratio, compressive strength and elasticity modulus of various kinds of concrete members, including ordinary concrete, light-weight aggregate concrete, rubber powder concrete, fly ash concrete, polymer concrete, polymer fly ash concrete [12] . In this paper, DMA was used to investigate the changing rule of loss factor and storage modulus at different temperatures of AAC materials.
Materials and Methods

Raw Materials
In this study, granulated blast furnace slag by Shunjie Minerals Co., Ltd was used, with density of 2.5g/cm³ (density strength Level S95). The chemical composition and relevant quality index of the slag are shown in Tables 1 and 2 . Fly ash employed in this experimental was Class F Level I, and chemical composition is presented in Table 3 . Based on literature reviews and previous study [13] [14] [15] [16] [17] [18] , sodium silicate of modulus 1.95 was chosen in this study, with quality fraction of Na 2 O of 14.26%, SiO 2 of 26.92%, and content of S, P or other insoluble matter lower than the limiting value. Cement of Level P.Ⅱ52.5 by China Resources was chosen in this study, with detailed characteristics shown in Table 4 . 
Mix Proportion
In the term of Water/Solid Ratio, Water means all water in the whole alkali-activated system (including water in activating agent and free water additionally added), and Solid means all solid materials which participate in the poly-condensation reaction, including cementing material to be activated (referring to slag and fly ash in this study) and solid alkali composition contained in activating agent solution (referring to Na 2 O, SiO 2 contained in sodium silicate in this study). In the term of Alkali/Binder Ratio, Alkali means the alkali composition contained in activator solution (referring to Na 2 O and SiO 2 contained in sodium silicate in this study), and Binder means the raw materials of potential hydraulicity (referring to fly ash and slag in this study).
In ordinary Portland cement, water/cement ratio was chosen as 0.35, with 0.1% water reducer added. Mix proportions of AAC is shown in Table 5 . 
Experimental Methods
DMA instrument was used to determine the relationship of mechanical properties of viscous-elastic materials to time, temperature or frequency. When periodic (sinusoidal) mechanical stress applied on the sample, functional relationships of loss factor and storage modulus to the changing temperature were obtained, and dynamic properties changing of sample were reflected by these relationships. The size of the testing specimen was 100mm length ×12mm width ×5mm height. After casted and molded, the testing pieces were sealed and cured for 24 hours at room temperature and then demoulded. Then placed in standard condition (with temperature of 20℃±2℃ and humidity more than 95%) immediately and cured for 28 days. Flexural strength of the test pieces on Day 28 at room temperature (28℃) and changing loss factor and storage modulus of the test specimen during the temperature rising were measured by DMA instrument. The static load applied on the test pieces were 1N, max. dynamic load was 0.5N, frequency was 0.1Hz, and the temperature changing range was 40℃ to 200℃ with rate of 10℃/min.
Experimental Results and Analysis
Static flexural strength of AAC at ambient temperature (28℃) on day 28 was 6.9MPa，and static flexural strength of OPC was 6.5MPa.
Loss Factor
Variations of loss factors of AAC and OPC were shown in Figure 1 during the temperature rising on day 28.
The loss factor is also known as damping factor, internal friction or loss tangent, and is the ratio of dissipated energy to max. stored energy in one cycle. The size of loss factor represents the elastic property of material. The bigger value means the higher viscosity of material. Otherwise, means the higher elasticity of material.
It was shown in Figure 1 that the temperature affect less on the loss factor of OPC, but larger on that of AAC. The loss factor of AAC increased with the temperature rising. The experimental results also showed that the loss factor of AAC changed hardly during the temperature from 40℃ to 85℃, and retained about 0.075. During the temperature rising from 85℃ to 200℃, the loss factor of AAC increased gradually, and reached 0.38 at 200℃. The loss factor of OPC was affected less by the temperature and remained at about 0.03 during the temperature rising from 40℃ to70℃. However, when the temperature was at 85℃ and 170℃, the loss factor of OPC appeared a peak and a trough, respectively with value of 0.10 and 0.02. When the temperature increased to 200℃, the loss factor increased to 0.10. The reason for the rising of AAC loss factor may be that the bonds between gel molecule were destroyed with the temperature rising and some of energy was consumed. Deformation or breakage also might cause the loss factor going up during the temperature rising. Since AAC broke during the temperature rising, it could be deduced that large crack appeared in AAC at 85℃. Friction and energy consumption happened between hydration products, causing AAC broken finally with the development and increase of cracks, which showed that the loss factor kept on increasing in the experiment. Figure 2 showed the variations of storage modulus of AAC and OPC during the temperature rising at 28 days. Figure. 1 Variations of loss factors of AAC and OPC during the temperature rising at 28 days Figure. 2 Variations of storage modulus of AAC and OPC during the temperature rising at 28 days Essentially, the storage modulus is Young modulus, indicating that the material's storage modulus is proportional to max. elasticity stored in each cycle when it is applied by alternating sinusoidal stress of variable amplitude. The storage modulus is the part of elasticity in viscoelasticity of the reaction materials, which represents the rigidity of material, and is the spring back index after the material deformed.
Storage Modulus
As shown in Figure 2 , the storage modulus of the both materials reduced with the temperature rising during certain range. During the range of 40℃-85℃, the storage modulus of both AAC and OPC reduced a lot. With the temperature continually rising, the storage modulus of AAC changed little, and OPC tended to be stable after 110℃. The reason that the storage modulus of AAC and OPC reduced in the range of 40℃ to 85℃ might be that the elasticity composition reduced with the temperature rising, or cross linking degree of hydration products reduced with the temperature rising. When the temperature was above 85℃, large crack appeared in AAC, and the material stayed in plastic state, causing its storage modulus low. Reason for the storage modulus of AAC and OPC relatively large might be that in the development tendency of cracks in OPC, its quantity increased but its width was small, causing the material not enter the plastic state. By combining the compressive strength of materials at room temperature and the breakage of AAC during the experiment, we can find that the strength of AAC loss a lot during the temperature rising up to 200℃; However, no breakage happened to OPC during the whole temperature rising, and the strength loss is lower than AAC. AAC became very weak with its strength almost lost at high temperature. It indicates that AAC has poor ability to resist high temperature.
Conclusions
1) Compared to OPC, AAC is affected significantly by the temperature, and its loss factor increases gradually with the temperature rising. The changing amplitude of AAC loss factor is larger than that of OPC; 2) Storage modulus of both AAC and OPC was affected significantly by the temperature. They had similar changing trend and reduced first and then trend to be stable with the temperature rising; 3) AAC's flexural strength lost a lot during the temperature rising. It has worse ability to resist high temperature than OPC.
